The hypocholesterolemic and atheroscleroprotective potentials of dietary consumption of hawthorn (dried fruit of Crataegus pinnatifida, Shan Zha) were investigated by monitoring plasma lipid profiles and aortic relaxation in Sprague-Dawley rats fed with either normal diet, high-cholesterol diet (HCD) or HCD supplemented with hawthorn powder (2%, w/w) (4 weeks). In HCD-fed rats, an increased plasma total cholesterol and LDL-cholesterol with a decreased HDL-cholesterol was observed, and consumption of hawthorn markedly suppressed the elevated total cholesterol and LDL-lipoprotein levels plus an increased HDL-cholesterol level. The blunted acetylcholine-induced, endothelium-dependent relaxation of isolated aortas of HCD-fed rats was improved by hawthorn. The development of fatty liver, an increased nitric oxide synthase activity and an elevated oxidative stress (as estimated by the attenuated levels of anti-oxidant enzymes) associated with HCD were attenuated by hawthorn. Thus, the results demonstrated that hawthorn consumption provides overall beneficial effects on reversing HCD associated detrimental changes.
9
connective tissues were carefully cleared under a dissecting microscope. The aortic rings (about 4 mm in length) were prepared and mounted between two stainless steel hooks in 5-ml, water-jacketed organ baths (37 qC) containing Krebs'-Ringer bicarbonate solution (gassed with 95% O 2 /5% CO 2 (pH = 7.4)) of the following composition (mM): NaCl, 118.0; KCl, 4.7; CaCl 2 , 2.5; MgSO 4 , 1.2; NaHCO 3 , 25.0; KH 2 PO 4 , 1.2 and glucose, 11.0. An optimal load of 15 r 1 mN was applied to the rings, and changes in tension were recorded by isometric force-displacement transducers connected to the PowerLab Data Acquisition system (AD Instruments, Sydney, NSW, Australia). Tissues were allowed to equilibrate for 60 min under the resting tension, and were washed with drug-free Krebs'-Ringer solution every 20 min, and the resting tension was readjusted, if necessary, before commencing the experiments. After equilibration, the aortic rings were sensitized with 40 mM KCl until two consecutive contractile responses were reproducible. To investigate the relaxant effects of acetylcholine, the preparations (in the presence of indomethacin (1 PM) and neostigmine (1 PM)) were precontracted with phenylephrine (1 PM, a concentration which elicits approximate 85% of maximum effective contraction (EC 85 ) of the tissues). After a steady-state contraction was established, cumulative concentrations (1 nM -100 PM) of acetylcholine were added. Concentration-response curves were plotted as percentage relaxation of phenylephrine induced-contraction versus the logarithmic concentration (in the organ bath) of acetylcholine added.
Histological change of the livers
At the end of the study, the whole liver was harvested from rats and rinsed in saline (3 -4 times) to remove as much blood as possible. The gross appearance of livers of individual rat was photographed for comparison. Sample of liver (~5 g) was dissected and immersed in formalin (10 %) until sectioning. Wax specimens of individual liver sample were prepared and stained using Hematoxylin and Eosin methods, as described previously (Ratcliffe, 1982) .
Determination of the antioxidant enzyme activities in the livers and kidneys
To monitor the activities of antioxidant enzymes in both livers and kidneys, isolated liver (~1 g) and kidneys (~0.5 g) of each rat were weighted and kept at -80 qC immediately until homogenization procedures. Each frozen sample was homogenized in ice-cold saline (1:1, w/v) using an ulteraturax T-25 homogenizer for 10 bursts of 10 s each, separated by a pause of 15 s. Then, the homogenates were centrifuged at 150 ug for 5 min (4 qC), and the supernatants were collected and stored at -20 qC until enzyme activities analysis. Superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) activities were measured using commercial kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, PR China). SOD, CAT and GPx activities are expressed as U/mg protein. The protein content was measured by Bradford method (Bio-Rad, Hercules, CA).
Evaluation of NOS activities in the liver and kidneys
The frozen samples were homogenized in ice-cold saline and the homogenates were centrifuged at 1500 ug for 10 min (4 qC). The supernatant was used for the determinations of NOS activity (expressed in U/mg protein). It was determined spectrophotometrically by measuring NO synthesis using the oxidation of oxyhaemoglobin to methaemoglobin by NO. The incubations contained 1.6 mM oxyhaemoglobin, 200 mM CaCl 2 , 1 mM MgCl 2 , 100 mM L-arginine, 100 mM NADPH, 50 mM L-valine (to inhibit arginase), 40 mM potassium phosphate pH 7.2 and up to 20% v/v tissue supernatant. This method was described previously (Knowles et al., 1990) . The protein content was measured by Bradford method (Bio-Rad, Hercules, CA, USA).
Statistical analysis
All data was expressed as means ± standard deviations (S.D.), and n denotes the hawthorn is depicted in Fig. 3 . The liver of control (Normal) rats has a relatively dark-red colour whereas the HCD-fed rats have an enlarged liver (Weight of liver in Normal diet-fed rats: 13.08 r 0.50 g; HCD-fed: 21.49 r 0.74 g; whereas HCD + hawthorn-fed: 17.15 r 0.36 g) with a yellowish colour. In rats fed with HCD + hawthorn, there was not as much enlargement of liver (with a relatively "lesser yellowish" colour) as that was observed in HCD-fed rat. Histological examination of the livers of both control rats and HCD + hawthorn-fed rats revealed an intact cell architecture (Figs. 3A and 3C). In contrast, the liver of HCD-fed rats illustrated poor cellularity with extensive lipid depositions and enlarged hepatocytes (Fig. 3B ). In HCD + hawthorn-fed rats (Fig. 3C ), a lesser degree of lipid deposition and hepatocytes enlargement was observed. Table 2 depicts the activities of antioxidant enzymes: superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) in the liver and kidneys of rats fed with either normal diet, HCD or HCD + hawthorn. The actvities of anti-oxidant enzymes (i.e. SOD, CAT and GPx) measured in the kidneys are generally lower than that measured in the liver (Table 2 ). In HCD-fed rats, a marked decrease of SOD activity (~47% decrease) was recorded, compared to control rats (Table 2) . Hawthorn supplement managed to prevent HCD-induced reduction of SOD activity of the liver (~13 % decrease) ( Table 2 ). Similar to SOD activity, CAT activity of the liver was suppressed (~49% decrease) in HCD-fed rats (Fig. 5B) , and the consumption of hawthorn restored, to a certain extent, the suppressed CAT activity (~12% decrease) ( Figure 5B). Unlike SOD and CAT activities, neither HCD nor HCD + hawthorn treatments altered the GPx activity of the liver (Table 2 ).
Antioxidant enzyme activities in liver and kidney
In contrast to the liver, only SOD (but not CAT and GPx) activity of the kidneys was suppressed in HCD-fed rats (but only a subtle suppression, ~16% decrease), and the supplement of hawthorn completely restored the reduced SOD caused by HCD (Table 2 ).
Determination of NOS activities
Comparing with the controls, the HCD-treated rats showed a marked increase of NOS activity in liver (110 % increase, P < 0.01 versus controls). No apparent change in NOS activity of the kidneys of all groups of rats was measured (Table 2 ). In animals fed with HCD + hawthorn, the elevated hepatic NOS activity caused by HCD was returned to the control/normal levels ( Table 2) .
Discussion
It is well known that diet plays an important role in the control of cholesterol In view of the overall anatomical changes of the liver after feeding with HCD, these biological changes may be considered, by rats (and even by humans), as a form of stress/inflammation (although we did not measure the inflammatory biomarkers, if any, present in blood). Thus, it is not surprising to observe an increase in the activity of NOS (presumably iNOS which participates in inflammation responses) of the liver (but not kidneys) in HCD-fed rats, as described elsewhere (Kim et al., 2002) . Perhaps, the inflammation associated with HCD is resulted from an attenuated level of hepatic antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) as clearly illustrated in our study. Our results are in fact consistent with previous reports in which a high-fat diet induces critical oxidative damage in the liver (Prasamthi et al., 2005; Schrauwen, 2007) . It is interesting to point out that the liver seems to be more vulnerable to HCD insults than the kidneys as only SOD but not CAT or GPx levels was attenuated. The underlying mechanisms responsible for the "differential effects" of HCD on the levels of antioxidant enzymes of the liver and the kidneys are unknown. Perhaps, it is related to the physiological functions of these organs i.e. metabolism (liver) versus excretion (kidneys).
Nonetheless, our novel results demonstrate that consumption of hawthorn provided protective effects for the liver to overcome the detrimental biological effects associated with HCD. For instance, the suppressed levels of the hepatic SOD, CAT and GPx as well as SOD level in kidneys were normalized to levels as observed in rats fed with normal diet. In addition, there was a reduction of the elevated cholesterol Taken together, our results suggest that hawthorn consumption carries atheroscleroprotection properties.
Hypercholesterolemia and atherosclerosis have a close association with vascular dysfunction (Kuchan & Frango, 1994) . In this study, our results clearly illustrated a blunted acetylcholine-induced vascular relaxation (an endothelium-dependent process)
which represents an endothelial/nitric oxide dysfunction in HCD-fed rats which is consistent with reports previously described in humans (Sorensen et al., 1994) and animals (Matsumoto et al., 2004) . Interestingly, hawthorn supplementation restored, only to a certain extent, the blunted acetylcholine-induced endothelium relaxation. It is well known that components found in hawthorn such as quercetin, hyperoside and isoquercitrin possess relaxation effects through the endothelium-dependent cascade (Zhang et al., 2001; Taubert et al., 2002) and procyanidins (one of the agents found in hawthorn) has been suggested to be responsible for the endothelium-dependent NO-mediated relaxation in isolated rat aorta (Kim et al., 2000) .
Hawthorn (dried fruit of Crataegus pinnatifida) is commonly consumed in China;
while Crataegus leaves with flowers are mainly use in Europe. The extracts of both parts showed beneficial effect on the cardiovascular system (Walker et al., 2002; Pittler et al., 2008) . The similar pharmacological use of fruit and leave can be explained by the close chemical compositions for both parts of the herbs (Long et al., 2006 ).
In conclusion, our results suggest that consumption of hawthorn (2 % w/v., 4 weeks) has significant hypocholesterolemic and vasoprotective activities in rats fed with hypercholesterolemic diet (4 weeks). In addition, hawthorn supplement seems to protect the liver in response to oxidative stress (probably via the elevation of anti-oxidant enzymes levels) as well as alleviate the magnitude of fatty liver development in response to HCD. In line with these observations, the elevated activity of NOS (presumably the inducible isoform of NOS (iNOS) which is up-regulated in response to stress/inflammation challenge) in the liver after HCD regiment was normalized, as observed for the first time, by hawthorn consumption. In addition, the blunted NO/endothelium-mediated aortic relaxation (presumably related to the suppressed endothelial isoform of NOS (eNOS)-mediated effects) in rats fed with HCD was restored, only to a certain extent, after hawthorn consumption. Nonetheless, our novel results clearly illustrate that consumption of hawthorn powder provides an overall improvement of the hepatic and cardiovascular systems that may be important in treating hypercholesterolemia-related cardiovascular complications. 
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